Abstract. Harmonic analysis is a mathematical method that performs the determination (approximation) of continuous functions by
INTRODUCTION
Harmonic analysis, done usually with the help of the Fourier Transform, is a mathematical tool that shows that any continuous function can be represented by a sum of sinusoidal functions. In reality, when the measurement process takes place, we are dealing with signals that are sampled discreetly, usually at constant intervals, and of finite or periodic duration. For such data, only a finite number of sinusoids is required, and Discrete Fourier Transform is consequently required (DFT -Discreet Fourier Transformation).
For discrete data sets (such are those obtained in the measurement process), the discrete Fourier transform of N data points sampled uniformly x j (where j = 0,...,N-1) is given by the following formula: 
The DFT result of an input time series in N points is a frequency spectrum in N points, whose frequency is k, with k ranging from 0 to (N/2-1), from component 0, known as the continuous component, to that of the highest frequency whose value is N / 2. Each value of k represents the number of sinusoids present in each series. If the amplitude and the phase of each component are denoted by A k (amplitude) and Φ k , then each of the component sinusoids can be described by the equation below:
For sets of data sampled under the measurement process, the result of the Direct Fourier Transform, the real value of the spectrum is represented by the even components, and the complex value is given by the odd components of the transform. Direct Fourier Transform is a complex mathematical algorithm that requires a large amount of computation (N2 operations). To increase the execution speed James W. Cooley and John W. Tukey ("An algorithm for the machine calculation of complex Fourier series," Math. Comput. 19, 297-301-1965) created an algorithm, adapted to the computer, which increases the speed of data processing so that only a number of operations equal to N log2(N) operations is needed; this algorithm is also known as FFT -Fast Fourier Transformation, the only requirement of the algorithm is that the number of sampled points is a power of 2 (2,4,8,...1024,...) The mode of operation of the FFT algorithm is given in the following figures (Fig. 1, Fig. 2 ): The methods shown in Figures 1 and 2 ease the making of high performance software by implementing algorithms that work in parallel and that can further exploit the performance of modern processors by simultaneously using all the kernels of the processor, or by making it possible to use existing processors in graphics cards (graphics cards can room up to 256 processors that work in parallel).
In the case of data sets processed under the measurement process, the time variable is replaced by a variation of an angle or of a displacement (for example, for revolution parts the time unit is replaced by a rotation). For ease of presentation, the term "frequency" is used throughout the paper, but it is defined as frequency over a movement or rotation. In essence, data processing used for dimensional measurements consists of acquiring data at equal distances and applying Fourier transform to them. In order to be able to apply Fast Fourier Transform (FFT), the number of acquisition points need to be powers of 2 (2, 4, 8, 16, 1024, 4096, etc.). Following the application of the Fourier transform, the spectrum of frequencies is obtained.
An example of the manner in which a random waveform can be composed and decomposed is given in Fig. 3 , where we can see that we can obtain the basic curve as the sum of the sinusoid components (the frequency, the phase and the amplitude of the sinusoids are obtained by means of the Fourier Transform) In the case of a revolution part, the frequencies are actually the number of undulations present at the surface of the part; thus the component of order 1 represents the eccentricity, the component of order 2 represents the ovality, and so on. In the case of the part shown in Fig.   4 , the linear presentation of the data sampled by the transducer in the figure is the following: (Fig.6) 
Figure 6. Linear representation of the values sampled from the the revolution part
In order to obtain the eccentricity of the part out of the frequency spectrum, we eliminate all components aside from the component of order 1 and then we apply the inverse Fourier Transform. The results of this processing are shown in Fig. 7 , and the found value of eccentricity is of 49.964 µm and is very close to the theoretical one, of 50 µm. In order to obtain the shape components of the part (the eccentricity is assumed to be a result of the part being assembled, thus it is a mutual position deviation), we eliminate the components of order 0 (continuous value or mean value), those of order 1 (eccentricity) and those of orders with value greater than 18 (this limit value is determined experimentally and is greatly influenced by the type of part and by the processing mode). By applying the inverse Fourier transform, a plot of the shape deviations of the part is obtained (Fig.8) . On this dataset, the maximum and minimum and the total maximum deviation are obtained. In order to obtain the higher order information, which represents the surface roughness, all components of the order of less than or equal to 18 are eliminated and then the Inverse Fourier transform is applied; we will obtain the surface state diagram on which (for example) the roughness-specific parameters can be identified. (Fig. 9 ) The Scientific Bulletin of VALAHIA University-MATERIALS and MECHANICS -Vol. 16, No. 14 At INCDMTM -Bucharest was designed and built a device for measuring shape deviations of revolution parts in whose making were applied also processing methods using the Fourier transform presented above. This device uses a gasostatic bearing on which a universal bearing is mounted, which in turn grabs the part. Since the part can not be perfectly be grabbed and centred with the centre of rotation, the Fourier transform is used to eliminate the clamping eccentricity, after which the sampled data is processed by usual methods (smallest squares, maximum, minimum, deviation).
Applications of Fourier Transform in the Analysis of Toothed Wheels
For gear analysis, using the testing based on both sides engagement and using Fourier analysis, a series of toothed wheel parameters can be obtained quickly. The scheme of this device is shown in Figure 11 . By extracting the components from the range of undulations 2 to 50, the tooth engagement diagram is obtained, unaltered by the variation of the distance between the axes (Figure 14) . On this diagram, further processing can be performed to extract deviations such as step deviation, teeth profile deviations and so on.
CONCLUSIONS
The method of processing by applying the Fourier transform to complex, digital computerized measurements is a fast, reliable and accurate method that allows for increased productivity of measurement and control processes, increases measurement accuracy without an excessive increase in mechanical execution precision, and helps to increase the level of automation of measurement processes.
